08CJ12659 

1 

FLAME RETARD ANT RESIN COMPOSITION AND 
MOLDED PRODUCTS THEREOF 



FIELD OF THE INVENTION 

The present invention relates to a nonflammable resin composition 
containing a polycarbonate-based resin, and more particularly relates to a 
nonflantmable resin composition that is useful in applications that demand high 
heat resistance as well as impact resistance and hydrolysis resistance. 



BACKGROUND OF THE INVENTION 

Polycarbonate resins, both individually and as alloys with other 
thermoplastic resins, are engineering plastics with excellent impact resistance, 
heat resistance, and electrical characteristics, and are therefore used in a wide 
range of fields, including electrical engineering, electronics, and office 
automation. These fields of electrical engineering, electronics, and office 
automation require a high level of impact resistance and nonflammability (UL 
94V) in products such as personal computer trim parts. 

A method used in the past to improve the nonflammability of these resin 
compositions was to compound a polycarbonate with a large quantity of a 
polymer or an oligomer of a carbonate derivative of brominated bisphenol A. 
However, while the nonflammability of a polycarbonate resin is indeed 
improved by the addition of a large amount of a polymer or an oligomer of a 
carbonate derivative of brominated bisphenol A as a flame retardant, a problem 
is that impact resistance decreases, which makes the molded article more prone 
to cracking. Also, because a large quantity of halogen compounds including 
bromine are added, there is the danger that gas containing these halogens will 
be generated during burning, so from an environmental standpoint as well, it is 
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preferable to use a flame retardant that does not contain halogens such as 
chlorine and bromine. 

Phosphoric esters and silicone resins are known as flame retardants that 
contain no halogens. For example, Japanese Patent Publication S62-25706 
proposes the addition of a phosphoric ester in order to improve the 
nonflammability of a polycarbonate-based resin. Nevertheless, raising the 
nonflammability of these resin compositions requires the addition of a large 
amount of phosphoric ester, and the problem with this is that it diminishes the 
heat resistance and impact resistance of a resin molded article. 

In contrast, silicone resins have high heat resistance and generate no 
harmful gases when biimed, and hirthermore silicone resins themselves are 
highly safe, and as such have been used as flame retardants for polycarbonate- 
based resins. 

A silicone compound that serves as a flame retardant is a polymer 
including one or more of the following four siloxane units (M units, D units, T 
units, and Q units). 

M units D units T units Q units 

R R R O 

R — Si — O- — O— Si-O— _o— Si-O— _o— Si- 0 — 
I I I | 
R R O o 

f 1 

For example, Japanese Patent Publication S62-60421 discloses a 
nonflammable resin composition in which a silicone resin containing at least 80 
wt% T units is added to a thermoplastic resin. Japanese Laid-Open Patent 
Application H5-86295 discloses a nonflammable resin composition in which a 
silicon resin containing 30 to 99 mol% T tmits, 0 to 80 mol% D units, 1 to 70 
mol% M units, and 0 to 50 mol% Q units is added to a synthetic resin such as a 
polycarbonate. 

Still, very few of the silicone resins discussed in these publications have a 
significant flame retardant effect when they are added by themselves, and a 
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large amount of silicone resin must be added in order to satisfy the stringent 
norvflammability requirements of electrical and electronic device applications. 
As a result, this can have an adverse effect on the moldability, kneadability, and 
other required characteristics of the plastic^, and is also disadvantageous in 
terms of cost, and is therefore impractical. 

There have also been proposed methods in which a silicone compound is 
used together with a metal salt in an effort to reduce the amount of silicone 
compound that is added. For instance, Japanese Laid-Open Patent Application 
S56-100853 discloses a nonflammable resin composition in which a silicone 
made up of D units and a Group Ila metal salt of a C14 to C20 carboxylic acid are 
added to a polymer such as a polycarbonate. Japanese Patent Publication H3- 
48947 discloses a nonflammable composition in which a silicone resin made up 
of M and Q units is compounded along with another silicone resin and a Group 
Ila metal salt of carboxylic acid. However, the effect in terms of 
nonflammability is still inferior even when a silicone compound is used 
together with a metal salt, so to achieve an adequate flame retardant effect, 
either the amount in which the silicone resin is added has to be increased, or 
aliuninum hydroxide or another such inorganic nonflammable filler or a 
halogen has to be used together with a phosphorus compoxmd. 

Thus, when a silicone resin is added as a flame retardant, an adequate 
nonflammability effect will not be obtained unless the added amount is large, 
but if this amount is increased, there is a marked decrease in the moldability of 
the resin composition, the appearance and mechanical strength of the molded 
article, and so on, and since silicone resins are themselves quite costly, a 
problem with compounding them in a polycarbonate-based resin is that the 
material cost goes up. Accordingly, there has been a need for the development 
of a silicone resin additive with a better nonflammability effect, or an additive 
that enhances the effect when used together with a silicone resin. 

Japanese Laid-Open Patent Application HlO-139964 proposes a 
nonflammable resin composition in which a silicone resin containing D and T 
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units, expressed by the following formula and having a molecular weight 
(weight average molecular weight) of 10,000 to 270,000, is compounded with an 
aromatic polycarbonate. 



R' 

{ 



R R R' 

R O R- 



-R' 



Japanese Laid-Open Patent Application Hll-140294 proposes a 
nonflammable polycarbonate resin composition in which a silicone resin that 
contains 50 to 90 mol% T units, contains 10 to 50 mol% D units, and contains at 
least 80 mol% (out of the total organic substituents) phenyl groups is 
compounded with an aromatic polycarbonate resin. 

However, with the nonflammable polycarbonate resin compositions 
discussed in Japanese Laid-Open Patent Applications HlO-139964 and Hll- 
140294, the bum time is still long and dripping is unsatisfactory, and 
nonflammability still comes up short in a combustibility test according to UL 
94, which is widely used for evaluation in actual practice. 

Japanese Laid-Open Patent Application Hll-217494 discloses a 
nonflammable polycarbonate resin composition in which a polycarbonate resin 
is compoimded with a silicone compoxmd whose main structural unit is the 
structtire expressed by the following formula, that is, a D unit, being made up 
of D units and T imits and/ or Q units and having an aromatic group as an 
organic functional group, and with a metal salt of an aromatic sulfur compound 
and a fluorine-containing polymer. 
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In the formula, R and X are organic functional groups. 
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However, a drawback to the nonflammable resin composition discussed 
in this Japanese Laid-Open Patent Application HI 1-21 7494 is that it makes use 
of a silicone resin with a high molecular weight, which hampers dispersion into 
the polycarbonate-based resin and tends to result in inadequate 
5 nonflammabUity. 

Japanese Laid-Open Patent Application Hll-222559 discloses a 
nonflammable resin composition tiiat contains 100 weight parts of a synthetic 
resin including an aromatic ring in its molecule, such as an aromatic 
polycarbonate resin, and 0.1 to 10 weight parts of an organopolysiloxane 
Q 10 containing alkoxy groups and phenyl groups, expressed by the compositional 



law! 



formula R^mR^nSi(OR3)p(OH)qO(4-m-n-p-q)/2 (where is a phenyl group, R2 is a 
?■ Ci to Ce univalent hydrocarbon group other than a phenyl group, R^ is a Ci to 

Q univalent hydrocarbon group, 0.5 < m < 2.0, 0 < n < 0.9, 0.42 < p < 2.5, 0 < q < 
0.35, and 0.92 <m + n + p + q< 2.8). However, a resin composition that 
flf 1 5 contains such a silicone alone has insufficient nonflammability, and in 

particular, is not enough to achieve adequate nonflammability. 

Japanese Laid-Open Patent Application H8-225737 discloses a 
thermoplastic molding compound containing (A) a thermoplastic aromatic 
polycarbonate, (B) a thermoplastic copolymer of (B-1) styrene, a-methylstyrene, 
20 styrene with an alkyl-substituted ring, Ci to Cs alkyl acrylate, Ci to Cs alkyl 

methacrylate, or a mixture of these and (B-2) acrylonitrile, methacrylonitrile, Ci 
to Cs alkyl acrylate, Ci to Cs alkyl methacrylate, maleic anhydride, N- 
substituted maleic acid imide, vinyl acetate, or a mixture of these, and/ or a 
copolymer or polycondensate composed of [the above and] a thermoplastic 
25 polyalkylene terephthalate, (C) a graft polymer in which styrene, a- 

methylstjnrene, styrene with an aUcyl-substituted ring, Ci to Cs alkyl acrylate, Ci 
to Cs alkyl methacrylate, or a mixture of these and (C) [sic] acrylonitrile, 
methacrylondtrile, Ci to Cs alkyl acrylate, Ci to Cs alkyl methacrylate, maleic 
anhydride, N-substituted maleic acid imide, vinyl acetate, or a mixture of these 
30 are grafted on rubber with a glass transition temperature TG < lO'^C, (D) a 
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hydroxyl-containing silicone resin expressed by RxSi(OR')yO(4-x-y)/y (where R is 
a univalent hydrocarbon group that may itself be substituted, and in particular 
is a methyl or phenyl group, R' is an alkyl group or hydrogen group [sic], x is a 
number from 0.75 to 1.75, and y is a number from 0.0001 to 0.5), with this 
silicone resin being made up of units expressed by the formula Si04/2, RSi03/2, 
RaSiOa/^, and/ or R3SiOi/2, and (E) a phosphorus compound expressed by the 
following formula. 




In the formula, n is an integer from 1 to 5, R^ is a methyl group, 1 is a 
number from 0 to 5, R2 is a methyl group, and m is an integer from 0 to 5. 

This resin composition discussed in Japanese Laid-Open Patent 
Application H8-225737, however, nonflammability is inadequate, and a large 
amount of phosphoric ester has to be used in order to achieve an acceptable 
level of nonflammability. 

As a result of diligent study aimed at solving the above problems, the 
inventors discovered that a dramatic increase in the nonflammability of a resin 
composition can be achieved by using a specific phosphoric ester together with 
an alkoxy group-containing organopolysiloxane expressed by a specific 
compositional formula in a polycarbonate-based resin or a blend with another 
thermoplastic resin. In particular, the present invention was perfected upon 
attaining a high level of nonflammability while maintaining the heat resistance 
impact resistance, and hydrolysis resistance of a blend with another 
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thermoplastic resin such as a styrene-butadiene-based blend by using a small 
amount of phosphoric ester and an alkoxy group-containing 
organopolysiloxane in this blend. 

It is an object of the present invention to provide a nonflammable resin 
composition with high heat resistance, excellent impact resistance, excellent 
hydrolysis resistance, and also excellent nonflammability. 

SUMMARY OF THE INVENTION 

The nonflammable resin composition pertaining to the present invention 
is characterized by containing: 

(A) a thermoplastic resin containing aromatic ring; 

(B) a phosphoric ester expressed by the f oUov^ng formula: 

0 o 

I! 11 

1 1 
OR' OR'' 

(where R^, R^, and R^ are each independently a Ci to C30 
hydrocarbon; X is a Ci to C30 divalent organic group that may contain an 
oxygen atom and/ or a nitrogen atom; and m is an integer from 0 to 5); and 

(C) an alkoxy group-containing organopolysiloxane expressed by the 
following average compositional formula: 

RlaSi(OR2)bO(4-a-b)/2 ...(1) 

(where R^ is a substituted or unsubstituted univalent hydrocarbon group 
containing an aryl group as an essential component; R^ is a substituted or 
unsubstituted univalent hydrocarbon group; R^ and R^ may be the same as or 
different from each other; 0.2 < a < 2,7; 0.2 < b < 2.4; and a + b < 3), 

said phosphoric ester (B) being contained in an amount of 0.1 to 40 
weight parts and said alkoxy group-containing organopolysiloxane (C) in an 
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amount of 0.01 to 20 weight parts per 100 weight parts of the thermoplastic 
resin containing aromatic ring (A), e.g., a polycarbonate-based resin. 

It is preferable for the alkoxy group-containing organopolysiloxane (C) 
to have a weight average molecular weight between 300 and 3000, to include a 
branched structure, and is preferable to be methyl or phenyl and phenyl is 
preferable to be above 20%. 

The aromatic ring containing thermoplastic resins (A) can be 
(Al) a polycarbonate-based resin, 

( A2) a thermoplastic resin other than a polycarbonate-based resin, or alloy of 
(Al) and (A2). 

It is preferable for the above-mentioned phosphoric ester to be bisphenol 
A-tetraphenyl diphosphate (BPADP) or bisphenol A tetracresyl diphosphate. 

It is preferable for ihe thermoplastic resin (A-2) to be one or more types 
of resin selected from the group consisting of: 

polymers including as a structural component (a) an aromatic vinyl 
monomer component; 

copolymers including as structural components (a) an aromatic vinyl 
monomer component and (b) a vinyl cyanide monomer component; 

copolymers including as structural components (a) an aromatic vinyl 
monomer component, (b) a vinyl cyanide monomer component, and (c) a 
rubber-like polymer; 

aromatic polyesters; 

polyphenylene ethers; 

polyether imides; and 

polyphenylene sulfides. 

It is preferable for the thermoplastic resin (A-2) to be one or more types 
of resin selected from the group consisting of ABS resins, AES resins, ACS 
resins, AAS resins, and polystyrene resins. 

It is preferable for the nonflammable resin composition pertaining to the 
present invention to further contain (D) an anti-drip agent in an amount of 0.01 



08CJ12659 

9 

to 10 weight parts per 100 weight parts of the polycarbonate-based resin (A-1) 
or per combined 100 weight parts of the polycarbonate-based resin (A-1) and 
the thermoplastic resin (A-2). Polytetrafluoroethylene (PTFE) is favorable as 
this anti-drip agent. 

The nonflammable resin composition pertaining to the present invention 
may further contain (E) an alkali (alkaline earth) metal salt of a 
perfluoroalkanesulfonic acid in an amount of 0.01 to 3 weight parts per 100 
weight parts of the polycarbonate-based resin (A-1) or per combined 100 weight 
parts of the polycarbonate-based resin (A-1) and the thermoplastic resin (A-2). 

The electrical or electronic device part pertaining to the present 
invention is characterized by being formed from the above-mentioned 
nonflammable resin composition. The housing material pertaining to the 
present invention is also characterized by being formed from the above- 
mentioned nonflammable resin composition. 

The present invention also relates to articles including electrical and 
electronic machines and housings formed by the flame retardant resin 
composition mentioned above. 

DETAILED DESCRIPTION OF THE INVENTION 

The nonflammable resin composition of the present invention will now be 
described. 

The nonflammable resin composition pertaining to the present invention 
is characterized by containing at least (A) an aromatic ring containing 
thermoplastic resin, (B) a phosphoric ester, and (C) an alkoxy group-containing 
organopolysiloxane. 

Aromatic ring containing thermoplastic resin (A) 

One embodiment of an aromatic ring containing thermoplastic resin is a 
polycarbonate-based resin (A-1). The polycarbonate-based resin (A-1) used in 
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the present invention is an aromatic homopolycarbonate or aromatic 
copolycarbonate obtained by reacting an aromatic dihydroxy compound with a 
carbonate precursor. A carbonate-based resin has repeating structural units 
expressed by the following formula (1). 

_p.A-0-Q- ...(1) 

In the above formula, A is a divalent residue derived from an aromatic 
dihydroxy compound. 

Examples of aromatic dihydroxy compounds include mononuclear and 
polynuclear aromatic compounds that contain two hydroxy groups (functional 
groups) and in which each hydroxy group is directly bonded to a carbon atom 
of the aromatic ring. 

The bisphenol compounds expressed by the following f ormtala (2) are 
specific examples of aromatic dihydroxy compounds. 




(In the formula, and may be the same or different, and are each a 
halogen atom or a univalent hydrocarbon group; m and n are integers from 0 to 
4; 

Rc Rc 
I I 

X is -C»C-, -C-, -C-, -0-, -CO-, -S-, -SO-, -SO2- or 
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and are each a hydrogen atom or a univalent hydrocarbon group, 
and a cyclic structure may be formed from R^ and R^; and R^ is a divalent 
hydrocarbon group.) 

Specific examples of the aromatic dihydroxy compounds expressed by 
formula (2) include bis(hydroxyaryl)alkanes such as bis(4- 
hydroxyphenyl)methane, l,l-bis(4-hydroxyphenyl)ethane, 2,2-bis(4- 
hydroxyphenyl)propane (also called bisphenol A), 2,2-bis(4- 
hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)octane, 
bis(4-hydroxyphenyl)phenylmethane, 2,2-bis(4-hydroxy-l- 
methylphenyl)propane, l,l"bis(4-hydroxy-tert-butylphenyl)propane, 2,2-bis(4- 
hydroxy-3-bromophenyl)propane, and 2,2-bis(4-hydroxy-3,5- 
dibromophenyl)propane; bis-(hydroxyaryl)cycloalkanes such as 1,1-bis 
(hydroxyphenyl)cyclopentane and l,l-bis(4-hydroxyphenyl)cyclohexane; 
dihydroxyaryl ethers such as 4,4 -dihydroxydiphenyl ether and 4,4 -dihydroxy- 
3,3 -dimethylphenyl ether; dihydroxydiarylsulfides such as 4,4- 
dihydroxydiphenylsulfide and 4,4'-dihydroxy-3,3'-dimethyldiphenylsulfide; 
dihydroxy diarylsulfoxides such as 4,4 -dihydroxy diphenylsulfoxide and 4,4'- 
dihydroxy-3,3 -dimethyldiphenylsulfoxide; and dihydroxydiarylsulfones such 
as 4,4'-dihydroxydiphenylstilfone and 4,4'-dihydroxy-3,3 - 
dimethyldiphenylsulfone. 

Of these aromatic dihydroxy compounds, the use of 2,2-bis(4- 
hydroxyphenyl)-propane is especially desirable. 

Other aromatic dihydroxy compounds that can be used besides those of 
the above-mentioned formula (2) are the aromatic dihydroxy compounds 
expressed by the following formula (3). 
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Where each R' is independently a Ci to Cio hydrocarbon group, a 
halogen atom, or a halogenated hydrocarbon group in which at least one of said 
hydrocarbon groups has been substituted with a halogen atom, and p is an 
integer from 0 to 4. 

Examples of these compoimds include resorcinol; substituted resorcinols 
such as 3-methylresorcinol, 3-ethylresorcinol, 3-propylresorcinol, 3- 
butylresorcinol, 3-tert-butylresorcinol, 3-phenylresorcinol, 3-cumylresorcinol, 
2,3,4,6-tetrafluororesorcinol, and 2,3,4,6-tetrabromoresorcinol; catechol; and 
hydroquinone and substituted hydroquinones such as 3-methylhydroquinone, 
3-ethylhydroquinone, 3-propylhydroquinone, 3-butylhydroquinone, 3-tert- 
butylhydroquinone, 3-phenylhydroquinone, 3-cimiylhydroquinone, 
2A5,6-tetramethylhydroquinone,2,3,5,6-tetra-tert-butylhydroquinone, 
2A5,6-tetrafluorohydroquinone, and 2,3,5,6-tetrabromohydroquinone. 

Another aromatic dihydroxy compound that can be used besides those 
of the above-mentioned formula (2) is the 2,2,2V2'-tetrahydro-3,3,3',3'- 
tetramethyl-l,l'-spirobi-[lH-inden]-7,7'-diol expressed by the following 
formula. 




These aromatic dihydroxy compounds may be used singly or in 
combinations of two more types. 

The polycarbonate may be either linear or branched. It may also be a 
blend of a linear polycarbonate and a branched polycarbonate. 

A branched polycarbonate can be obtained by reacting a polyfunctional 
aromatic compound with an aromatic dihydroxy compotmd and a carbonate 
precursor. Typical examples of such polyfunctional aromatic compounds are 
listed in U.S. Patents 3,028,385, 3,334,154, 4.001,124, and 4,131,576. Specific 
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examples include l,l,l-tris(4-hydroxyphenyl)ethane, 2,2',2"-tris(4- 
hydroxyphenyl)diisopropylbenzene, (a-methyl-a,a',a-tris(4-hydroxyphenyl)- 
1,4-diethylbenzene, a,a',a"-tris(4-hydroxyphenyl)-l,3,5-'triisopropylbenzene, 
fluoroglycine, 4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl)heptane-2, 1 3/5-tri(4- 
hydroxyphenyl)benzene, 2,2-bis-[44-(4,4'-dihydrox5^henyI)<ycloh^ 
propane, trimellitic acid, 1,3,5-benzenetricarboxylic acid, and pyromellitic acid. 
Of these, the use of l,l,l-tris(4-hydroxyphenyl)ethane, a,a',a' -tris(4- 
hydroxyphenyl)-l,3,5-triisopropylbenzene, or the like is preferable. 

There are no particular restrictions on the intrinsic viscosity of this 
polycarbonate-based resin as measured ZS'^C in methylene chloride, and it can 
be appropriately selected as dictated by the intended application and 
moldability, but is usually at least 0.26 dL/g, and preferably 0.30 to 0.98 dL/g, 
and even more preferably 0.34 to 0.64 dL/g. When calculated as the viscosity 
average molecular weight, it usually should be at least 10,000, and preferably 
12,000 to 50,000, and even more preferably 14,000 to 30,000. It is also possible to 
use a mixture of polycarbonate resins with different intrinsic viscosities. The 
viscosity average molecular weight (Mv) is found by measuring the intrinsic 
viscosity (limiting viscosity [number] r|) at 20°C in methylene chloride, and then 
calculating from the Mark-Houwink viscosity equation: 
r| = Kx(Mv)^ (K = 1.23x10-4, a = 0.83) 

The polycarbonate-based resin used in the present invention is 
manufactured by a known method. Examples include the following. 

(1) A method in which a polycarbonate is synthesized by subjecting an 
aromatic dihydroxy compound and a carbonate precursor (such as a carbonic 
diester) to an ester interchange reaction while molten (melt method). 

(2) A method in which an aromatic dihydroxy compound and a 
carbonate precursor (such as phosgene) are reacted in a solution (interfacial 
method). 
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These manufacturing methods are discussed, for example, in Japanese 
Laid-Open Patent Applications H2-175723 and H2-124934, U.S. Patents 
4,001,184, 4,238,569, 4,238,597, and 4,474,999, and elsewhere. 

In one embodiment of the present invention, a thermoplastic resin other 
than a polycarbonate (A-2) may also be used along with thepolycarbonate- 
based resin (A-1). 

Thermoplastic resin other than a polycarbonate f A-2) 

In yet another embodiment of the present invention, a thermoplastic 
resin other than a polycarbonate (hereinafter referred to merely as a 
thermoplastic resin) may be contained along with a polycarbonate. Any 
thermoplastic resin other than a polycarbonate can be used as the thermoplastic 
resin (A-2), with no particular restrictions thereon, but this is preferably one or 
more types of resin selected from the following group. 

(1) polymers including as a structural component (a) an aromatic vinyl 
monomer component 

(2) copolymers including as structural components (a) an aromatic vinyl 
monomer component and (b) a vinyl cyanide monomer component 

(3) copolymers including as structural components (a) an aromatic vinyl 
monomer component, (b) a vinyl cyanide monomer component, and (c) a 
rubber-like polymer 

(4) aromatic polyesters 

(5) polyphenylene ethers 

(6) polyether imides 

(7) polyphenylene sulfides 

All of the resins listed above can be purchased as commercial products, 
and there are no particular restrictions on the manufacturing method, etc. 

(Co^polvmer (1). First, the polymers including (a) an aromatic vinyl 
monomer component (1) will be described. 

Examples of the aromatic vinyl monomer component (a) include styrene, 
a-methylstyrene, o-, m-, or p-methylstyrene, vinylxylene, monochlorostyrene. 
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dichlorostyrene, monobromostyrene, dibromostyrene, fluorostyrene, p-tert- 
butylstyrene, ethylstyrene, and vinylnaphthalene. The polymer used in the 
present invention may be a homopolymer of one of these, or it may be a 
copolymer of two or more different monomers. Of these monomers, st5a'ene 
and a-mefhylstyrene are particxilarly favorable. A favorable example of a 
polymer is a styrene resin. 

There are no particular restrictions on the method for manufacturing this 
(co)polymer, and any ordinary known method can be employed, such as bulk 
polymerization, solution polymerization, bulk suspension polymerization, 
suspension polymerization, and emulsion polymerization. The desired 
(co)polymer can also be obtained by blending separately polymerized resins. 

Copolymer (2) Next, the copolymers including (a) an aromatic vinyl 
monomer component and (b) a vinyl cyanide monomer component (2) will be 
described. 

Examples of the aromatic vinyl monomer component (a) are the same as 
above. Examples of the vinyl cyanide monomer component (b) include 
acrylonitrile and methacrylonitrile. One of more types of these components 
may be contained in tihe copolymer. 

There are no particular restrictions on the compositional ratio (a)/ (b), 
which should be selected according to the application. (a)/(b) is preferably 
such that (a) accounts for 50 to 95 wt% and (b) for 5 to 50 wt%, and even more 
preferably such that (a) accounts for 65 to 92 wt% and (b) for 8 to 35 wt%. 

A favorable example of the above-mentioned polymer is an SAN resin 
(styrene-acrylonitrile copolymer). There are no particxilar restrictions on the 
method for manufacturing this copolymer, and any ordinary known method 
can be employed, such as bulk polymerization, solution polymerization, bulk 
suspension polymerization, suspension polymerization, and emulsion 
polymerization. The desired copolymer can also be obtained by blending 
separately polymerized resins. 
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Copolymer (3) Next, the copolymers incltiding (a) an aromatic vinyl 
monomer component, (b) a vinyl cyanide monomer component, and (c) a 
rubber-like polymer (3) will be described. Examples of the aromatic vinyl 
monomer component (a) and the vinyl cyanide monomer component (b) are the 
same as above. 

Examples of the rubber-like polymer (c) include polybutadiene, 
polyisoprene, st5n:ene-'butadiene random copolymers and block copolymers, 
butadiene-isoprene copolymers, and other diene-based rubbers; ethylene- 
propylene random copolymers and block copolymers, copolymers of ethylene 
and a-olefins, ethylene-methacrylate, ethylene-butyl acrylate, and other 
copolymers of ethylene and unsaturated carboxylic esters; acrylic ester- 
butadiene copolymers, such as a butyl acrylate-butadiene copolymer, and other 
acrylic elastomeric polymers; ethylene-vinyl acetate and other copolymers of 
ethylene and a fatty acid vinyl [salt]; ethylene-propylene-hexadiene copolymers 
and other ethylene-propylene non-conjugated diene terpolymers; butylene- 
isoprene copolymers, and chlorinated polyethylene. These can be used singly 
or in combinations. Preferable rubber-like polymers are ethylene-propylene 
non-conjugated diene terpolymers, diene rubbers, and acrylic elastomeric 
polymers, v^ith polybutadiene and styrene-butadiene copolymers being 
particularly favorable. The styrene content in these is preferable 50 wt% or less. 

This copolymer (3) is preferably a graft copolymer obtained by the graft 
polymerization of other components in the presence of the rubber-like polymer 
(c). It is particularly favorable for it to be a resin selected from among ABS 
resins (acrylonitrile-butadiene-styrene copolymers), AES resins (acrylonitrile- 
ethylene-styrene copolymers), ACS resins (acrylonitrile-chlorinated 
polyethylene-styrene copolymers), and AAS resins (acrylonitrile-acrylic 
elastomer-styrene copolymers). 

The weight average molecular weight (Mw) of the above-mentioned 
(co)polymer (1) and copolymers (2) and (3) is preferably 30,000 to 200,000, with 
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30,000 to 150,000 being even better, and 30,000 to 110,000 being particularly 
good. 

To the extent that the object of the present invention is not compromised, 
monomers that are copolymerizable with the above-mentioned components (a), 
(b), and (c) may also be copolymerized with these components in the above- 
mentioned (co)polymer (1) and copolymers (2) and (3). Examples of such 
copolymerizable monomers include acrylic acid, methacrylic acid, and other 
a,p-unsaturated carboxylic acids, methyl (meth)acrylate, ethyl (meth)acrylate, 
propyl (meth)acrylate, butyl (meth)acrylate, 2-ethyl (meth)acrylate, 2- 
ethylhexyl methacrylate, and other a,P-xmsaturated carboxylic esters; maleic 
anhydride, itaconic anhydride, and other a,p-unsaturated dicarboxylic 
anhydrides; and maleimide, N-methylmaleimide, N-ethylmaleimide, N- 
phenylmaleimide, N-o-chlorophenylmaleimide, and other a,p-unsaturated 
dicarboxylic acid imide compounds. These monomers may be used singly or in 
combinations. 

There are no particular restrictions on the method for manufacturing this 
copolymer, and it can be manufactured by bulk polymerization, bulk 
suspension polymerization, or solution polymerization. 

Aromatic polvesters (4) Aromatic polyesters are themselves known, and 
are polyesters having an aromatic ring at a chain unit of the polymer. These 
polymers and copolymers are obtained by a polycondensation reaction in 
which the main components are an aromatic dicarboxyHc acid and a diol (or an 
ester-forming derivative thereof). 

Examples of aromatic dicarboxylic acids include terephthalic acid, 
isophthalic acid, ortho-phthalic acid, 1,5-naphfhalenedicarboxylic acid, 
naphthalene-2,5-dicarboxylic acid, naphfhalene-2,6-dicarboxylic acid, biphenyl- 
2,2 -dicarboxylic acid, biphenyl-3,3'-dicarboxylic acid, biphenyl-4,4 -dicarboxylic 
acid, biphenylsulfone'4,4 -dicarboxylic acid, diphenylisopylidene-4,4 - 
dicarboxylic acid, l,2-bis(phenoxy)ethane-4,4'-dicarboxylic acid, anthracene-2,5- 
dicarboxylic acid, anthracene-2,6-dicarboxylic acid, p-terphenylene-4,4 - 
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dicarboxylic acid, and pyridine-2,5-didicarboxylic acid. Terephthalic acid is 
preferable. 

These aromatic dicarboxylic acids may also be used as a mixture of two 
or more types. Also, as long as the amount is small, one or more aliphatic 
dicarboxylic acids, such as adipic acid, azelaic acid, dodecandioic acid, and 
sebacic acid, or one or more alicyclic dicarboxylic acids, such as 
cyclohexanedicarboxylic acid, can be mixed in with the above aromatic 
dihydroxy acids. 

Examples of diol components include ethylene glycol, propylene glycol, 
butylene glycol, hexylene glycol, neopentyl glycol, 2-methylpropane-l,3-diol, 
diethylene glycol, triethylene glycol, and other aliphatic diols, and cyclohexane- 
1,4-dimethanol, and other alicyclic diols, as well as mixtures of these. Also, as 
long as the amount is small, one or more types of long-chain diol with a 
molecular weight of 400 to 6000, such as polyethylene glycol, poly-1,3- 
propylene glycol, or polytetramethylene glycol, can be copolymerized. 

Specific examples of aromatic polyester resins include polyethylene 
terephthalate (PET), polypropylene terephthalate, polybutylene terephthalate 
(PBT), polyethylene naphfhalate, polybutylene naphthalate, polyethylene-1,2- 
bis(phenoxy)ethane-4,4'-dicarboxylate, and polycyclohexanedimethanol 
terephthalate. Of these, PBT and PET are preferred. 

Polyphenylene ether (5) Polyphenylene ether (PPE) is a known resin 
having substituted or unsubstituted phenylene ether repeating units. Specific 
examples include poly(2,6-dimethyl-l,4-phenylene) ether, poly(2,6-diethyl-l,4- 
phenylene) ether, poly(2-methyl-6-ethyH,4-phenylene) ether, poly(2-methyl-6- 
propyl-l,4-phenylene) ether, poly(2,6-dipropyl-l,4-phenylene) ether, poly(2- 
ethyl-6-propyl-l,4-phenylene) ether, poly(2,6-dimethoxy-l,4-phenylene) ether, 
poly(2,6-dichloromethyl-l,4-phenylene) ether, poly(2,6-dibromomethyl-l,4- 
phenylene) ether, poly(2,6-diphenyl-l,4-phenylene) ether, poly(2,6-ditolyH,4- 
phenylene) ether, poly(2,6-dichloroyl-l,4-phenylene) ether, poly(2,6-dibenzyl- 
1,4-phenylene) ether, and poly(2,6-dimethyl-l,4-phenylene) ether. 
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The PPE copolymer can be a copolymer containing an alkyl-trisubsituted 
phenol, such as 2,3,6-trimethylphenol, in some of the phenylene ether repeating 
units. It may also be a copolymer in which a styrene compound has been 
grafted to a PPE. Styrene compound-grafted polyphenylene ether include 
copolymers obtained by the graft polymerization of one of the above- 
mentioned PPE's with a styrene compound such as styrene, a-methylstyrene, 
vinyltoluene, or chlorostjnrene. PPE is commercially available under the 
trademark Noryl, made by GE Plastics Japan. 

Poly ether imide (6) Poly ether imide is a known resin, an example of 
which is Ultem, a trademark of GE Plastics Japan. 

Polyphenylene sulfide (7) P olyphenylene sulfide (PPS) is a known resin 
having substituted or unsubstituted phenylene sulfide repeating units. 
Examples include those available from Phillips Petroleum, Tosoh Susteel 
[uncertain spelling], Tohpren, Kureha Chemical, and so on. 

Copolymers (1) and (3) are preferable as the thermoplastic resin used in 
the present invention, and it is even more favorable to use a resin selected from 
among HIPS (high impact polystyrene), ABS resins (acrylonitrile-butadiene- 
styrene copolymers), AES resins (acrylonitrile-ethylene-styrene copolymers), 
ACS resins (acrylonitrile-chlorinated polyethylene-styrene copolymers), and 
AAS resins (acrylonitrile-acrylic elastomer-styrene copoljoners). ABS resins 
and HIPS are particularly favorable. 

It is favorable for this thermoplastic resin (A-2) to be such that its weight 
ratio (A-l:A-2) with the polycarbonate-based resin (A-1) is 99:1 to 1:99, and 
preferably 30:70 to 70:30. 

Phosphoric ester (B) A compound expressed by the following formula is 
used as the phosphoric ester. 

0 o 

1 1 

R'— O— OC— P-aS;; — O— RT 
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In the formula, Ri, R2, R3, and R^ are each independently a hydrocarbon 
group with 1 to 30 carbon atoms, and preferably 1 to 5, and preferably a 
substituted or unsubstituted aromatic hydrocarbon group. If it is substituted, 
examples of substituents include alkyl groups, alkoxy groups, alkylfhio groups, 
5 halogens, aryl groups, and aryloxy groups. 

Examples of R^, R^, R^, and R^ here include a phenyl group, cresyl group, 
xylenyl group (such as a 2,6-xylenyl group), trimethylphenyl group, 
ethylphenyl group, cumyl group, and butylphenyl group. If a hydrocarbon 
group is thus contained, the resulting resin composition will have particularly 
1 0 outstanding flame retardancy . 

X is a Ci to C30 divalent organic group that may contain an oxygen atom 
and/ or a nitrogen atom. This X is, for instance, -O-Y^-O- (where Y-^ is a 
substituted or unsubstituted aromatic hydrocarbon group, and preferably a 1,4- 
phenylene group, 1,3-phenylene group, etc.) or -O-Y^-R^-ys-O- (where and 
1=^ 15 Y^ are divalent substituted or unsubstituted aromatic hydrocarbon groups, 

pi specific examples of which include substituted or unsubstituted phenylene 

52 groups; and R^ is a Ci to Cs divalent hydrocarbon group or an oxy hydrocarbon 

group (-R^-O-; where R^ is a Ci to Cs divalent hydrocarbon group), and more 
specifically is a Ci to C9 divalent, aliphatic hydrocarbon group, such as a 2,2'- 
20 propylene group). X may be an organic group in which a nitrogen atom is 

bonded directly to a phosphorus atom, an example of which is a 1,4-piperadinyl 
group (following formula). 

'U ) 
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m is an integer from 0 to 5. 

Favorable phosphoric esters include bisphenol A tetraphenyl 
diphosphate (BPADP), triphenyl phosphate, tricresyl phosphate, cresyldiphenyl 
phosphate, bisphenol A tetracresyl diphosphate, resorcinol tetrakis(2,6- 
30 dimethylphenyl) phosphate, and tetraxylylpiperidine phosphoramide. Of 
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these, bisphenol A tetraphenyl diphosphate (BPADP) and bisphenol A 
tetracresyl diphosphate are preferable as the phosphoric ester. 

The addition of this phosphoric ester (B) allows a molded article with 
superior flame retardancy to be obtained. 

The amount in which the phosphoric ester (B) is compounded in the 
flame retardant resin composition of the present invention is preferably 0.5 to 
15 weight parts, and even more preferably 0.5 to 10 weight parts, per 100 
weight parts of the polycarbonate-based resin (A-1) when the aqueous solution 
is used by itself, or per combined 100 weight parts of (A-l) and (A-2) when the 
polycarbonate-based resin (A~l) and the thermoplastic resin (A-2) are used 
together. The flame retardancy effect will be inadequate if the amount of 
phosphoric ester is less than 0.5 weight parts, but the original characteristics of 
the resin may be lost if 20 weight parts is exceeded. 

Alkoxy group-containing organopolysiloxane (C) An alkoxy 
group-containing organopolysiloxane expressed by the following average 
compositional formula (1) is used as the silicone of component (C). 

RlaSi(OR2)bO(4-a-b)/2 ... (1) 

hi the formula, Ri is a substituted or unsubstituted xmivalent 
hydrocarbon group containing an aryl group as an essential component, R^ is a 
substituted or unsubstituted tmivalent hydrocarbon group, and R^ and R^ may 
be the same as or different from each other. 0.2 < a < 2.7, 0.2 < b < 2.4, and a + b 
<3. 

Examples of R^ include a methyl group, ethyl group, propyl group, butyl 
group, hexyl group, and other alkyl groups; vinyl group, propenyl group, 
butenyl group, and other alkenyl groups; phenyl group, biphenyl group, 
naphthalene, and other aryl groups; cyclohexyl group, cyclooctyl group, and 
other cycloalkyl groups; and groups in which the hydrogen atoms bonded to 
carbon atoms in the above groups have been substituted with halogen atoms, 
cyano groups, amino groups, or the like, such as a chloromethyl group, 
3,3,3-trifluoropropyl group, cyanomethyl group, y-aminopropyl group. 
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N-(P-aminoethyl)-y-arninopropyl group, and so forth. From the standpoints of 
ease or synthesis or availability, or of the safety of the silicone compound, a 
methyl group, ethyl group, or phenyl group is preferred for industrial 
purposes. 

The silicone compound that is component C contains an aryl group 
(phenyl group) as an essential component among the groups. The aryl 
group content (phenyl group content) is preferably at least 20%. Below this 
amount, dispersibility in the polycarbonate-based resin will be poor, 
condensation between the aromatics will also be less apt to occur during 
burning, and the burning effect may decrease. It is particularly favorable for 
the aryl group content to be at least 50%. If the aryl group content is over 90%, 
volumetric hindrance between the aromatic groups will lower the spatial 
freedom of the organopolysiloxane molecules and prevent their free movement 
within the resin, and this may preclude a significant flame retardancy effect 
from being attained. 

Examples of include the methyl group, ethyl group, propyl group, 
butyl group, and hexyl group. A methoxy group, ethoxy group, or propoxy 
group can be used to advantage as the alkoxy group because of their good 
reactivity and ease of handling in an industrial setting. The alkoxy group cotdd 
be an sUanol group (SiOH), but silanol is easy to form agglomeration within 
the silicone. Therefore, it is desirable to control the amount of the silanol. In 
one embodiment of the invention, the silanol is kept below 10 mol %, relative 
to the total amount of alkoxy and silanol groups. 

A characteristic of the present invention is that there is a dramatically 
synergistic effect on flame retardancy when a phosphoric ester is used together 
with one of the above-mentioned alkoxy group-containing 
organopolysiloxanes. The same effect cannot be achieved with either a 
phosphoric ester or an organopolysiloxane when added alone. 

It is believed that the alkoxy groups in the organopolysiloxane used in 
the present invention impart activity to the silicone compound, and therefore 
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contribute to a synergistic flame retardant effect when used together with a 
phosphoric ester. In one embodiment, the ratio of alkoxy moles to all 
substituent group moles is kept within the range of 10%-70%. In another 
embodiment, it is kept between 20% and 50%. If it is less than 10%, the 
activity of the organopolysiloxane may be so low that an adequate flame 
retardant effect cannot be achieved, but if 50% is exceeded, the heat resistance 
of the organopolysiloxane itself may decrease, which would also lower the 
flame retardant effect. 

In one embodiment, the weight average molecular weight of the alkoxy 
group-containing organopolysiloxane serving as component C is between 300 
to 3000. In another embodiment, between 300 and 2000. If the molecular 
weight is too low, then the organopolysiloxane v/iU tend to bleed onto the 
molded article surface after mixing with the resin composition, so there may be 
a decrease in the flame retardant effect. If the molecular weight is too high, 
though, the dispersibility of the organopolysiloxane into the resin will be poor, 
and the organopolysiloxane will move around with difficulty, so there may 
again be a decrease the flame retardant effect. 

It is preferable for the alkoxy group-containing organopolysiloxane used 
in the present invention to include a branched structure . The term 
"branched structure" as used here means that three or four siloxane residues are 
bonded to a single silicon atom of the organopolysiloxane. More specifically, it 
refers to a case when any of the following structural units is included. 



t I i 

— O— Si— O- — O— Si-O- — O-^i-O— 

Jl ' » 

0 o o 

1 1 i 



(R^ and are defined the same as in formula 1 above.) 

It is preferable for the following structural unit (c-1) or (c-2) to be 
included in addition to the branched structure in the alkoxy group-containing 
organopolysiloxane used in the present invention. 
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RiiSi(OR2)20o.5 ...(c-1) 
RiiSi(0R2)0 ... (c-2) 

(Ri and R^ are defined the same as in formula 1 above.) 
The alkoxy group-containing organopolysiloxane may also include the 
following structural tinit (c-3) or (c-4) in addition to the branched structure. 
Si(OR2)20 ... (c-3) 

Si(OR2)30o.5 ... (c-4) 

(Ri and R^ are defined the same as in formula 1 above.) 
The alkoxy group-containing organopolysiloxane used in the present 
invention may further include a bif unctional unit (c-5) in which two 
hydrocarbon groups are bonded to a single silicon atom, or monofunctional 
units (c-6) and (c-7) in which three hydrocarbon groups are bonded to a single 
silicon atom, as shown by the following formulas. 
Ri2SiO ...(c-5) 
Ri2Si(OR2)Oo.5 ... (c-6) 
RisSiOcs ... (c-7) 

(Ri and R^ are defined the same as in formula 1 above.) 
The structural tmits expressed by these formulas (c-5) to (c-7) are 
contained in the organopolysiloxane in an amount of no more than 85 mol% . 
In one embodiment, it is no more than 50 mol%. If a large amount of 
bifunctional or monofunctional units are included, the heat resistance and 
crosslinking activity of the organopolysiloxane may be lower, which would 
decrease the flame retardancy. 

This organopolysiloxane can be any such commercially available 
product, with no particular restrictions imposed thereon. The 
organopolysiloxane can also be manufactured by a known method. For 
instance, the targeted alkoxy group-containing organopolysiloxane can be 
manufactured by subjecting an organoalkoxysilane or an organochlorosilane 
capable for forming siloxane units to a alkoxy reaction and hydrolysis and 
condensation reaction with the existing of water and alcohol. 
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In one embodiment, the amount in which the organopolysiloxane of 
component C is compounded with the flame retardant resin composition of the 
present invention is about 0.01 to 20 weight parts. In another embodiment, the 
amount is about 0.05 to 10 weight parts, per 100 weight parts of the 
polycarbonate-based resin (A-1) or per combined 100 weight parts of the 
polycarbonate-based resin (A-1) and the thermoplastic resin (A-2). If the 
amount of organopolysiloxane is less than 0.05 weight part, sufficient flame 
retardancy cannot be imparted, but exceeding 10 weight parts will have an 
adverse effect on the appearance and strength of the molded article. None of 
these organopolysiloxanes generates harmful gas when burned. 

If needed, the flame retardant resin composition pertaining to the 
present invention may fxirther contain (D) an anti-drip agent, (E) a alkali 
(alkaline earth) metal salt of a perfluoroalkanesulfonic acid. 

Anti-drip agent (D) The resin composition of the present invention 
includes an anti-drip agent. An anti-drip agent is an additive that serves to 
inhibit dripping during burning, and any known agent can be used. With the 
present invention, one that forms a fibril structure in the polycarbonate-based 
resin, typified by poly tetrafluoroefhylene (PTFE) and tetrafluoroethylene 
copolymers (such as a polytetrafluoroethylene/hexafluoropropylene 
copol)aner), is favorable because it inhibits dripping better. 

Of the various types of polytetrafluoroefhylene (PTFE) available, one 
that has excellent dispersibility, such as one in which PTFE is emulsified and 
dispersed in a solution of water or the like, or one in which the PTFE has been 
encapsulated with a resin typified by polycarbonates and styrene-acrylonitrile 
copolymers, or a master batch of PTFE and a resin typified by polycarbonates 
and styrene-acrylonitrile copolymers, is preferred because it will impart a good 
surface appearance to the molded article composed of the polycarbonate 
composition. 
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A polyphenylene ether (PPE) may also be used together with the above- 
mentioned polytetrafluoroethylene as the anti-drip agent (D) in the present 
invention. 

Furthermore, an inorganic anti-drip agent may be used together with the 
above-mentioned polytetrafluoroethylene as an anti-drip agent. Examples of 
inorganic anti-drip agents include silica, quartz, aluminum silicate, mica, 
alumina, aluminum hydroxide, calcium carbonate, talc, silicon carbide, silicon 
nitride, boron nitride, titanium oxide, iron oxide, and carbon black. 

The anti-drip agent is added in an amount of 0.01 to 10 weight parts, and 
preferably 0.05 to 2 weight parts, and even more preferably 0.1 to 0.5 weight 
part, per 100 weight parts of the polycarbonate-based resin (A-1) when the 
polycarbonate-based resin (A-1) is used by itself, or per combined 100 weight 
parts of the polycarbonate-based resin (A-1) and the thermoplastic resin other 
than a polycarbonate-based resin (A-2) when the polycarbonate-based resin (A- 
1) and the thermoplastic resin other than a polycarbonate-based resin (A-2) are 
used together. 

Specific examples of commercially available PTFE include Teflon 30J 
(trademark of Mitsui DuPont Fluorochemical), Polyflon D-2C (trademark of 
Daikin Chemical Industries), and Aflon ADl (trademark of Asahi Glass). 

Alkali (alkaline earths metal salt of a perfluoroalka nesulfonic acid (EV 

A perfluoroalkanesulfonic acid is used as component E in the resin 
composition of the present invention. 

The alkali (alkaline earth) metal salt of a perfluoroalkanesulfonic acid is a 
sulfonic acid metal salt preferably having Ci to Ci9, and even more preferably 
Q to Cs, perfluoroaUcane groups. Examples of alkali (alkaline earfli) metals 
include sodium, potassium, lithium, cesiiun, rubidium, beryllium, magnesium, 
calcium, strontium, and barium. Of these, sodiimi and potassium are 
preferable, and potassiimi is especially good. 

Examples of this alkali (alkaline earth) metal salt of a 
perfluoroalkanesulfonic acid include a sodium salt of perfluorobutanesulf onic 
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acid, a potassium salt of perfluorobutanesulf onic acid, a sodium salt of 

perfluoromethylbutanesulf onic acid, a potassium salt of 

perfluoromethylbutanesulf onic acid, a sodium salt of perfluoro-octanesulfonic 
acid, and a potassium salt of perfluoro-octanesulfonic acid, with potassiimi 
perfluorobutanesulf onate being particularly favorable. 

The alkali (alkaline earth) metal salt of a perfluoroalkanesulf onic acid 
(G)[sic] should be used in an amount of 0.01 to 3 weight parts, and preferably 
0.01 to 0.1 weight part, and even more preferably 0.02 to 0.09 weight part, and 
more preferably still 0.03 to 0.08 weight part, per 100 weight parts 
polycarbonate. 

Other components The resin composition of the present invention may 
further contain a UV absorbent, a hindered phenol-based antioxidant, a mold 
release additive, or the like. Examples of UV absorbents include benzotriazole- 
based UV absorbents, benzophenone-based UV absorbents, and salicylate- 
based UV absorbents. As mold release additives, well known stearate can be 
used. 

Known additives may also be added to the flame retardant resin 
composition pertaining to the present invention, to the extent that the 
properties thereof are not compromised, during the mixing or molding of the 
resin composition as dictated by tiie intended application. Examples include 
colorants (pigments and dyes such as carbon black and titanixmi oxide), fillers, 
reinforcing agents (glass fiber, carbon fiber, talc, clay, mica, glass flakes, milled 
glass, glass beads), lubricants, plasticizers, flame retardants, and fluidity 
improvers. 

There are no particular restrictions on the method for manufacturing the 
resin composition of the present invention, and any known method can be 
used. A melt mixing method is particularly favorable. A small amotmt of 
solvent may also be added in the manufacture of the resin composition. 

Examples of the mixing apparatus include an extruder, a Banbury mixer, 
a roller, and a kneader, which can be operated continuously or in batches. 
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There are no particular restrictions on the order in which the components are 
mixed. 

The flame retardant resin composition pertaining to the present 
invention has outstanding flame retardancy and does not drip when it does 
bum. 

For example, the flame retardant resin composition pertaining to tiie 
present invention was used to produce a test piece with a thickness of 1/ 16 
inch, this was tested according to the test method set forth in Bulletin 94 of the 
Underwriters' Laboratory Corporation, "Burn Test for Material Classification" 
(hereinafter referred to as UL-94), and the V rating of UL-94 was given, 
whereupon the test piece passed the V-0 rating of UL-94. The various V rating 
criteria in UL-94 are stimmarized in Table 1 below. 
[Table 1] 



Table 1 





V-0 


V-1 


V-2 


Afterflame of each sample 


10 seconds or less 


30 seconds or less 


30 seconds or less 


Overall afterflame of 5 samples 


50 seconds or less 


250 seconds or less 


250 seconds or less 


Ignition of cotton by dripping 


no 


no 


yes 



The flame retardant resin composition pertaining to the present 
invention can be molded into the desired shape using any molding method, 
such as injection molding, extrusion molding, or blow molding. 

The molded article obtained in this manner will have excellent impact 
resistance, as well as high heat resistance, and furthermore will have excellent 
flame retardancy. Accordingly, a molded article of the resin composition of the 
present invention is suitable for the outer panels of office automation 
equipment and consumer electrical and electronic goods, housing materials, 
and electronic and electrical device parts. 

Because it contains a specific silicone resin along with a specific 
phosphoric ester, the flame retardant resin composition of the present invention 
affords a high degree of flame retardancy without sacrificing impact resistance 
or moldability, and because it contains no flame retardant composed of 
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chlorine, bromine, or the like, there is no danger that it will generate gas 
containing halogens originating in said flame retardant when burned, and 
therefore also provides excellent performance in terms of environmental 
protection. Furthermore, if a specific epoxy-based stabilizer is added, it will 
enhance the hydrolysis resistance of the polycarbonate-based resin itself, 
making it possible to produce a molded article witii superior coloring and 
impact resistance. 

Accordingly, this flame retardant resin composition is extremely useful 
in applications that demand liigh heat resistance, such as television sets, 
printers, copiers, facsimile machines, personal computers, and other such 
consumer electrical devices, housing materials and parts for office automation 
equipment, battery packs, liquid crystal reflectors, automotive interior 
materials, and so f ortii. 

EXAMPLES. The present invention will now be described in further 
detail through examples, but the present invention is not limited in any way by 
these examples. 

Unless otherwise specified, all "parts'* in the examples are weight parts, 
and all percentages are weight percent. 

The following compounds were used for the various components. 

(1) Polycarbonate-based resin (PC): 

Bisphenol A polycarbonate: Lexan (trademark of GE Plastics Japan); 
melt flow index measured at 300°C and a load of 1.2 kg: 12.3 g/10 minutes; 
intrinsic viscosity measured at 25°C in methylene chloride: 0.49 dL/ g; viscosity 
average molecular weight (Mv): 21,760 (calculated value) 

(2) ABSresin: 

An ABS resin commercially available from GE Plastics, having a rubber 
content of 20%, and MI of 2.0 g/10 minutes 

(3) Silicone: 

Five silicones were used, 

(C-1) Phi.4(CH3)o.3Si(OCH3)o.80o.75(Mw=600) 
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(C-2): Phi.i(CH3)o.6Si(OCH3)o.70o.8(Mw=900 
(03):Pho.4(CH3)i.3Si(OCH3)o.90o.7(Mw=1000) 
(C-4):Phi.2(CH3)o.4Si(OCH3)o.50o.95(Mw=800) 
(C-5): (CH3)i.oSi(OCH3)o.70i.2(Mw=1200) 
(Ph is a phenyl group.) 

(4) Phosphoric ester compound: 

Bisphenol A-tetraphenyl phosphate (BPADP), CR741S (trademark of 
Daihachi Chemical) 

(5) Polytetrafluoroethylene (PTFE): 

Polyflon D-2C (trademark of Daikin Chemical Industries). PTFE 
emulsified and dispersed in water, with a PTFE content of 60%. Polyflon D-2C 
was added in an amount of 0.5% with respect to the polycarbonate-based resin, 
and the actual PTFE added was 0.3%. The water was volatilized during the 
resin composition preparation. 

Example 1. 90 weight parts polycarbonate 90, 10 weight parts ABS 
resin, 1 weight part phosphoric ester, 1 weight part alkoxy group-containing 
organopolysiloxane (C-1), and 0.5 weight part PTFE were mixed and put in a 
twin-screw extruder made by The Japan Steel Works, Ltd. The mixture was 
extruded at a screw speed of 300 rpm and a barrel temperature of 240 to 250°C, 
and was cut off at a specific length to manufacture pellets. These pellets were 
used in the injection molding of a test piece of a specific size from a 100-ton 
injection molding machine at a barrel temperature of 260°C and a mold 
temperature of 50^C. The molded article thus obtained (1.6 mm in thickness) 
was subjected to the flame retardancy test set forth in UL-94. The burn time is 
the combined bum time for five samples. 

Impact resistance was evaluated by measuring the 1/ 8-inch notched 
Izod impact strength according to ASTM D256. The deflection temperature 
under load (HDT) was measured using a 127 x 12.7 x 6.4 mm test piece, at a 
load of 18.6 kg and a temperature elevation rate of 2''C/minute according to 
ASTM D648. Hydrolysis characteristic: the initial weight average molecular 
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weight of the polycarbonate in the prepared resin composition and weight 
average molecular weight of the polycarbonate in the resin composition that 
was kept under 100 RH atmosphere of 121 °C for 48 hours was measured. The 
measurement of weight average molecular weight was carried out by GPC. 
Moreover, weight average molecular weight being low means tiie anti- 
hydrolysis characteristic is low. 

These results are given in Table 2. 

Examples 2 to 5 Other than using the compositions shown in Table 2, 
pellets were produced and characteristics evaluated in the same manner as in 
Example 1. These results are given in Table 2. 

Comparative Examples 1 to 7. Other than using the compositions shown 
in Table 2, pellets were produced and characteristics evaluated in the same 
manner as in Example 1. These results are given in Table 2. 
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As is clear from Table 2, the flame retardant resin compositions of 
Examples 1 to 5 have high impact resistance and excellent heat resistance 
(HDT), flame retardancy, as well as hydrolysis resistance. In contrast, there is 
almost no flame retardancy effect when a phosphoric ester is used together 
with a silicone that contains no phenyl groups, as in Comparative Example 4. 

In comparative Examples 1-3 and 5-6, there is no desirable balance / 
synergy of flame retardancy, heat resistance , impact and hydrolysis resistance, 
with the gain in one physical property resulting in the loss of another physical 
property. Comparing Example 1 (using phosphoric ester and siloxane as 
combination) and comparative example 3 (no siloxane and high phosphoric 
ester), it is foimd that the use of siloxane allows less flame retardant to be used. 
The results being a surprisingly synergistic and excellent balance of flame 
retardancy, heat resistance, impact resistance and as well as hydrolysis 
resistance. In Comparative Example 7, with silicone containing phenyl groups 
alone being used, the results being inadequate flame retardancy. 

Therefore, it can be seen that when a phosphoric ester is used together 
with a specific silicone, there is a synergistic effect on flame retardancy, and a 
resin composition with extremely high flame retardancy is obtained. 



